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The Electrothermal and optical properties of hybrid polymer composites made of poly (ethylene oxide) 
(PEO) matrix filled with different zinc oxide (ZnO) concentrations (0, 2, 4, 6 and 12 wt %), and strength-
ened with iodine (0.1 wt %) have been investigated. The electrical properties have been studied using the 
impedance technique as a function of ZnO concentrations, applied frequency ranges from 10 KHz to 
3 MHz, and temperature in range (25-55 C). The AC electrical properties showed frequency, temperature, 
and zinc oxide dependence. It was found that with increasing the ZnO concentration and with decreasing 
the applied frequency the dielectric loss and dielectric constant will be increased. The determined activa-
tion energy decreases with increasing the ZnO content and iodine charge complexes. The thermal conduc-
tivity has been studied, and it was found that the thermal conductivity increases with both ZnO concentra-
tion and temperature. The optical properties have been examined as a function of ZnO concentration, and 
applied UV-wavelength ranges from 300 to 800 nm. The determined optical dispersion parameters, such as 
the optical energy and refractive index are discussed. 
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1. INTRODUCTION 
 
The electrical, thermal, and optical properties of 
polymeric composites have been of great interests from 
both fundamental and practical purpose. The conduc-
tive polymer composites can be controlled by selecting 
the types of filling components and concentrations for 
improving characteristics to suit a certain technical 
and commercial applications [1-3]. Among these fillers 
is the zinc oxide (ZnO) which has prominent physical 
properties, Due to these properties , it has high poten-
tial applications in optical and thermo-electronic indus-
tries [4-7]. 
 Iodine that acts as oxidized agent produces a free 
positive charges on the polymer chains which are sug-
gested to form charge transfer complexes in the poly-
mer matrix, which in turn facilitate the electrical ener-
gy transport in the composite bulk [8]. Poly (ethylene 
oxide) (PEO) is a semicrystalline homopolymer with 
general formula (-H2C-O-CH2-)n and melting tempera-
ture of about 65 C. and it has a wide range of applica-
tions [9]. 
In this research, the optoelectrical and thermal 
properties of hybrid PEO composites have been investi-
gated as a function of filler concentrations, applied field 
frequency in the range from 10 to 3 MHz and tempera-
ture range from 30 C to 55 C, i.e., less than the melt-
ing temperature of PEO polymer. We study the effects 
of ZnO and Iodine dopants on the optical properties of 
PEO prepared composites as a function of zinc oxide 
concentration by using UV-spectrophotometer in the 
spectral wavelength range from 300 nm to 800 nm. 
 
2. EXPERIMENTAL WORK 
2.1 Thin Films Composite Preparation 
 
Poly (ethylene oxide) powder (average molecular 
weight is 300,000 g/mol) was dissolved in methanol as a 
suitable solvent. Zinc oxide ZnO (molecular weight: 
81.38), and 0.1 wt.% iodine were added to the solution. 
Then at room temperature and for one day, dissolved 
system was continuously stirred by a rotary magnet 
until the mixture reached a homogeneous viscous mol-
ten state and rapidly was casted on a glass plate as 
thin films. The methanol will be evaporating complete-
ly under atmospheric pressure and at room tempera-
ture for two days. The composite films are fully dried 
using an oven at 40 °C for one day. The films obtained 
contain different ZnO concentrations (0, 2, 4, 6 and 
12 wt.%) by weight. This procedure provided thin films 
of 70 µm thickness measured by a sensitive digital 
caliper at 5 different places chosen randomly. The ob-
served morphology of the produced thin films has a 
transparent and homogeneous feature with good do-
pants distribution. 
 
2.2 AC-Electrical Measurements 
 
Measurements of Ac-electrical properties were carried 
out by the Hewlett Packard (HP) 4192A impedance ana-
lyzer. The test samples were carefully placed between 
copper electrodes in the sample holder. These electrodes 
were connected to the impedance analyzer by cables. Im-
pedance measurements were taken in a frequency range 
from 300 kHz to 3 MHz and over a range of temperature 
(30-55 ºC). The reason for taking this range is not reach 
the temperature of 60 ºC where the PEO polymer begins 
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to melt. In order to study the temperature effect on the 
Ac-electrical properties, the sample holder was placed 
inside an oven chamber. Temperature readings can be 
taken accurately through a thermocouple in addition to 
the Temperature readings from the oven dial. 
 
2.3 Thermal Conductivity Measurements 
 
Measuring the thermal conductivity (k) of polymers 
is very difficult since their values (k) is too small in the 
range of (0.21-0.4 W/mK) [10]. Thermal conductivity 
measurements were carried out using the heat pulse 
method, which is based on the transmission of electri-
cal pulse through double test samples separated by a 
current coil placed inside the sample holder connected 
to thermocouples for temperature measurements. 
The cell assembly which is insulated to reduce the 
heat loss is placed in an oven. Temperature readings 
were taken every half hour to reach the steady state of 
thermal equilibrium. The quasi-steady-state tempera-
ture difference (∆T) was found to be identical for the 
thermocouple pairs on one side, and to those on the 
other side. This means that the heats flux have sym-
metry on both sides. 
 
2.4 Optical Measurements 
 
The determined physical quantities in the present 
paper were calculated from equations and models report-
ed in numerous research reports [11]. The optical absorp-
tion spectra of all prepared composites thin films were 
measured at room temperature, by using UV-VIS (a 
Cary) spectrophotometer with wavelength range from 
300 nm to 800 nm. 
 
3. RESULTS AND DISCUSSION 
 
3.1 AC-Electrical Result 
 
Figure (1) shows the variation of the AC-impedance 
per unit thickness as a function of frequency at room 
temperature for the prepared PEO composites. In gen-
eral, this figure shows that the impedance decreases 
with increasing frequency. At low frequency, imped-
ance had high values, that mean more resistive behav-
ior, due to electrode polarization and space charge ef-
fects occur in composites bulk [12]. The dielectric con-
stant (real part of the permittivity) is a measure of the 
amount of energy stored in the dielectric due to applied 
electric field, and the dielectric loss (imaginary part) is 
measure of an amount of energy dissipated in the die-
lectric due to applied electric field [13]. 
Figure (2) shows the variation of the dielectric con-
stant with ZnO concentration measured at different 
frequencies. The dielectric constant decrease with in-
creasing the applied frequency, while it increases from 
about 3 for pure PEO to a value 9, with increasing the 
ZnO content up to 12 wt. % measured at frequency 
200 kHz. The decrease in dielectric permittivity with 
increasing frequency may be associated to the inability 
of the polymeric dipoles to spin rapidly resulting in a 
lag between the oscillating dipole frequency and that of 
the applied field [14]. The enhancement in dielectric 
constant value with ZnO concentration is mainly due to 
electronic contribution. The dielectric loss decreased 
with increasing the frequency and due to high periodic 
reversal of the field at the specimen/electrodes inter-
face. Both the dielectric loss and dielectric constant 
decrease with increasing frequency indicating a normal 
dispersion behavior of dielectric composites having 
mobile charge carriers [15]. 
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Fig. 1 – Impedance versus frequency for PEO/ZnO composites 
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Fig. 2 – Variation of dielectric constant with ZnO concentra-
tions 
 
Figure (3) shows the variation of AC electrical con-
ductivity with ZnO filler concentration. The increase in 
AC conductivity was observed as a function of filler 
content at different applied frequencies which means 
that PEO composites become less resistive with in-
creasing the conducting filler content. The AC conduc-
tivity is increases with increasing the ZnO concentra-
tion. This increase in Ac conductivity may relate to 
space charge polarization, electron mobility, and iodine 
charge complexes [16]. 
The values of activation energy were calculated 
from the slopes of the best straight lines fit obtained by 
plotting the natural logarithm of the ac-conductivity 
versus the reciprocal temperature for each PEO thin 
films at the applied frequencies. Figure (4) shows that 
the activation value decreases with increasing the ZnO 
concentration in a thermally activated process, which is 
consistent with the observed increase in the Ac conduc-
tivity shown in Figure 3, that means the prepared PEO 
films become more conductive.  The observed decrease 
in the activation energy values with increasing the ZnO 
content can be dominated by electrons hoping to the 
localized states [17]. 
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3.2 Thermal Results 
 
The thermal conductivity for the prepared PEO 
composites was measured in temperature range from 
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Fig. 3 – Variation of AC conductivity with ZnO concentrations 
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Fig. 4 – Variation of Ea with ZnO content 
 
25 ºC to 55 ºC. Figure (5) shows the thermal conductivi-
ty for PEO composites, it can be seen that the thermal 
conductivity increases slightly with increasing temper-
ature. Thermal conductivity in general will have ob-
served enhancement, mainly due to the heat trans-
ferred by photons, electrons and impurities during the 
thermal process. Part of the thermal enhancement may 
be due to compactness provided by increasing the do-
pant concentration which increases the heat transfer 
through phonons diffusion [18].  
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Fig. 5 – Variation of thermal conductivity with temperature 
for PEO/ZnO composite 
 
Table (1) includes the observed values of the meas-
ured thermal conductivity (k) for the composites, k is 
about 0.156 (W/mºC) for PEO polymer and increases to 
about of 0.313 (W/mºC) for 12 wt.% ZnO concentration. 
Thus the dopants ZnO and iodine fillers have large effect 
in enhancement the thermal conduction of the prepared 
thin films [19]. 
Table 1 – Results correlation between the electrical and thermal conductivities 
 
PEO thin films Thermal conductivity (k) 
(W/mºC) 
Electrical conductivity  10 – 6 
(Ohmm) – 1 
Pure PEO 0.156 0.434 
2 wt.%  ZnO/0.1 wt.% iodine 0.173 0.585 
4 wt.%   ZnO/0.1 wt.% iodine 0.192 0.789 
6 wt.%   ZnO/0.1 wt.% iodine 0.222 1.26 
12 wt.%  ZnO/0.1 wt.% iodine 0.313 2.26 
 
Table (1) also shows a comparison between the elec-
trical and thermal conductivities behavior of the pre-
pared thin films as a function of ZnO content. Both the 
electrical conductivity and thermal conductivity in-
crease with increasing the dispersed ZnO phase in the 
PEO matrix. 
Lorenz number is a thermo-electrical parameter 
characterizing the effect of temperature on both the 
thermal and electrical conductivities of a solid that 
links the electrical conductivity and the thermal con-
ductivity (k). Figure 6 shows the variations of Lorenz 
number with fillers concentration, it can be seen that 
the Lorenz number increases with increasing ZnO con-
centration. The increase of the Lorenz number refers to 
the difference in the rates of increasing of ac electrical 
and thermal conductivities with the filler content. 
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Fig. 6 – Variation of Lorenz number with ZnO concentration 
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3.3 Optical Results 
 
Figure 7 shows the UV-visible absorption spectra of 
PEO composites at room temperature. It can be noted 
that the optical absorption is increasing in composites 
when the concentration of the ZnO increases, and de-
creases rapidly with increasing the incident photon 
wavelength. Absorption coefficient (a) for non-
crystalline composites can be indentified with to the 
incident photon energy ( ω ) according to Tauc relation 
[20]. The optical energy gaps were calculated by plotted 
Tauc plot between ( α ω )2 and ( ω ) as shown in figure 
8. Extrapolation of the linear part of these curves gives 
the optical energy gap. The values of optical band gap 
are shown in Figure 9. From the graph, it is seen that 
the optical energy gap decreases with increasing the 
ZnO concentration complexes by (0.1 wt.%) iodine. 
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Fig. 7 – The absorption spectra for the PEO/ZnO/0.1 wt.% 
iodine thin films 
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Fig. 8 – Plots of ( α ω )2 vs. ω  for the PEO/ZnO/0.1 wt.% 
iodine thin films 
 
Optical band gap determines the threshold for the 
photons absorption [21]. The decrease in the value of 
the optical energy gap indicates enhancement in the 
semiconducting level of the PEO thin films with in-
creasing the ZnO concentration and formation the io-
dine charge complexes. As shown in table (2). 
The refractive index obtained from the refraction 
value and the extinction coefficient related to the ab-
sorption coefficient and the wavelength [22]. It seen 
that the extinction coefficient increases with increasing 
the wavelength.  
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Fig. 9 – A correlation between the observed optical energy gap 
and conductivity as a filler concentration for the PEO/ZnO/0.1 
wt.% iodine thin films.  
 
Table 2 – Optical values of PEO/ZnO thin films doped with 
Iodine 
 
PEO thin films Optical band gap 
(eV) 
Pure PEO 2.53 
2 wt.% ZnO/0.1 wt.% iodine 2.23 
4 wt.% ZnO/0.1 wt.% iodine 2.07 
6 wt.% ZnO/0.1 wt.% iodine 1.92 
12 wt.% ZnO/0.1 wt.% iodine 1.84 
 
Figure 10 shows the variation of the refractive in-
dex for PEO thin films with wavelength for different 
ZnO concentrations. It is seen that the refractive index 
decreases with increasing the applied wavelength and 
ranges from 2.7 to 4.2 for pure PEO and 12 wt.% re-
spectively at wavelength 350 nm.  
The optical conductivity [23] is one of the tools for 
investigating the electronic states in composites. If an 
external electric field applied on the system then, the 
currents are induced and a redistribution of charges 
occurs. For minimum enough fields, the induced cur-
rents and the induced polarization are proportional to 
the inducing field. It is found that the optical conduc-
tivity increases with decreasing the ZnO concentration 
[10, 24]. 
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Fig. 10 – The variation of refractive index (n) for PEO/ZnO/0.1 
wt.% iodine thin films with the UV-wavelength. 
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4. CONCLUSIONS 
 
The electrothermal and optical behavior of the thin 
films made of the PEO matrix doped with ZnO and 
iodine was studied as a function of the filler concentra-
tions, applied frequency and temperature. From the 
results obtained, some conclusions can be drawn.  The 
complex impedance decreases with applied frequency 
and the concentration of ZnO. The dielectric constant of 
the films decreases with increasing frequency and in-
creases with increasing filler concentrations, Also, it 
was seen that increasing ZnO content and temperature 
in the presence of the iodine dopant enhances the 
thermal conductivity of the thin films. The observed 
enhancement in the electrical conductivity by heating 
can be explained by hopping and tunneling events of 
the free electrons in the ZnO dopants. The enhance-
ment of thermal conductivity was attributed to the heat 
transmitted by the phonons and hoping electrons dur-
ing the thermal processes. The present system of 
PEO/ZnO thin films was characterized in terms of de-
termined optical properties. The optical energy gap and 
other basic constants depends clearly on ZnO concen-
tration. It was found that for the pure PEO sample the 
optical energy gap is higher than that for PEO/ZnO 
doped films, and it decreases with increasing in the 
ZnO content. 
The dielectric constants and refractive index 
showed dispersion as a function of frequency. Also, it 
was found that the dielectric constants and the refrac-
tive index increased with increasing the ZnO concen-
tration. The determined optical conductivity was found 
to increase with the ZnO content. The presented corre-
lation between the observed optical energy gap and 
optical conductivity at different ZnO concentration 
exhibits better electrical conduction level. 
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